























































































































































































































































































































































intermediate	 systems	 thinking	 levels.	 On	 the	 basic	 systems	 thinking	 level,	 skills	 involve	
recognizing	interconnections,	identifying	feedback,	and	understanding	dynamic	behavior.	On	


























































































































































































































































































































































































































































































































































































































































































































































Supplementary information 1: Episode during workshop phase 1 where participants develop a basic understanding of 
variables. MF – male facilitator. FP – female participant. MP – male participant. PS – participant that could not be 
identified in the video or audio file. The episode is taken from the second of the two case study workshops (hence the 








































Okay then, have we 
seen this one? 
Holds up picture of 








Where is it going; 






















P8 This one? Points at other female  





Places picture of 
fertilizer and seed 
with label land 
After the picture is identified to show 
fertilizer, FP8 places the picture of fertilizer 
and seed packs with the label land, which 
indicates that for her, these two form a 
meaningful combination. Under what circumstance 
does it make sense to put fertilizer and seeds on 
land? From the daily viewpoint of a small-scale 
farmer it makes every possible sense. Seeds and 
fertilizer are supposed to go on the land; it is 
their ultimate use and destiny. Her action 
indicates knowledge of how one farms and what 
procedures need to be followed when farming. Her 
view resonates intensely with at least one more 
participant (FP2). She is not alone in 
approaching the task from this specific 
viewpoint. However, in the context of the task 
situation this is not the only possible way of 
framing, and for that matter, not the appropriate 
one. Some of the other participants utter 
disagreement, they seem to have taken a different 
perspective. 
162 MF 
This one here 
looks doubtful!  Points at FP1 
163 
 
And you, also 























Mumbling - let me 
see! Points at picture 
169 
ii_F
P2 No, Points at land 
170 
 
it is supposed to 





Can I put - is it 
allowed? 
Attempts to take the 
picture, but removes 
hand 
MP3 takes the picture and places it with the 
label food produced. Now, what can be his 
motivation and understanding to put it there? 
Most likely, MP3 has taken a more conceptual, 
less process-oriented view. From his standpoint, 
seed and fertilizer are necessities for the 
larger context of food production. Hence, he 
places them as smaller units within the larger 
conceptual unit of food production. Just as with 
FP8, this conception is not wrong. It makes 
perfect sense in itself and could fit the 
required principle. However, the underlying 
guiding principle calls for categorical 
attribution of what things “are” according to the 
labels present, as opposed to localized process 
attribution (“where and how they are used”) or 
sectorial attribution (“what they are used for”). 
172 MF 







Removes picture of 
fertilizer and seed, 
looks at it and at the 
labels and places it 
with the label 
produced food  
174 MF 
Now, where will 






P3 No! No, no... 
 
Also, MP3’s suggestion is met with disagreement 
from large parts of the group. After his attempt 
has failed to offer an option viable for 










Keep it on the 
soil! Points at land 






Removes picture of 











Points at inputs 
FP1, FP3 and FP4 start pointing at inputs. MP1 
takes initiative and removes the picture one more 
time and places it in inputs.  MP2 underlines his 





P3 Oha! Points at inputs 
inputs”, which is repeated by MP1 in agreement 
and gives insight into their now appropriate 
understanding. They employ their conceptual 
knowledge on categorization accordingly and 
satisfy the requirements and possibilities set by 
both, the underlying concepts and the material at 
hand. FP1 and FP4 further develop and elaborate 
on his point, however not extensively. The 
facilitator also acknowledges the placement of 








Puts picture of 
fertilizer and seed 
with label inputs 
184 
ii_M










P1 Yes, just there;  Points at inputs 
187 
 
on the ploughs, 
fertilizer and 




All is going 
there. Points at inputs 
189 MF 
Yes, we have seen 






We haven’t yet 
started 
identifying where 
these things work! 
Specific gesture 
(points of influence) 
referring to diagram 
in general 
Furthermore, the facilitator now offers a framing 
by distinguishing the current task from a 
possible future task that takes into account an 
understanding more similar to that of FP2 and FP8 
(where things “work” and “go”, a paraphrase for 
cause-effect relationships). The group jointly 
arrives at this insight after having gone through 
a process of stating, challenging, testing and 
finally aligning their understanding under 






No, we are just 
putting them in? 
Specific gesture 
(groups) referring to 
diagram in general 
193 
ii_F
P(8) In order! 




Yes, after putting 
those in order, 
that’s when, we’ll 
now say this one 
works where; here! 
This one goes 
where; here. Tracing gesture 
196 
ii_F
P Oh, okay! 
  
Notes regarding the development of shared understanding 
Turn 161-170: After the picture is identified to show fertilizer, FP8 places the picture of 
fertilizer and seed packs with the label land, which indicates that for her, these two form a 
meaningful combination. Under what circumstance does it make sense to put fertilizer and 
seeds on land? From the daily viewpoint of a small-scale farmer it makes every possible 
sense. Seeds and fertilizer are supposed to go on the land; it is their ultimate use and destiny. 
Her action indicates knowledge of how one farms and what procedures need to be followed 
when farming. Her view resonates intensely with at least one more participant (FP2). She is 
not alone in approaching the task from this specific viewpoint. However, in the context of the 
task situation this is not the only possible way of framing, and for that matter, not the 
appropriate one. Some of the other participants utter disagreement, they seem to have taken a 
different perspective.  
Turn 171-173: MP3 takes the picture and places it with the label food produced. Now, what 
can be his motivation and understanding to put it there? Most likely, MP3 has taken a more 
conceptual, less process-oriented view. From his standpoint, seed and fertilizer are necessities 
for the larger context of food production. Hence, he places them as smaller units within the 
larger conceptual unit of food production. Just as with FP8, this conception is not wrong. It 
makes perfect sense in itself and could fit the required principle. However, the underlying 
guiding principle calls for categorical attribution of what things “are”	according to the labels 
present, as opposed to localized process attribution (“where and how they are used”) or 
sectorial attribution (“what they are used for”).  
Turn 175-180:	Also,	MP3’s	suggestion	is	met	with	disagreement	from	large	parts	of	the 
group. 
Turn 181-190: FP1, FP3 and FP4 start pointing at inputs. MP1 takes initiative and removes 
the picture one more time and places it in inputs. MP2 underlines his colleague’s	move	by	
asserting:	”These are inputs”, which is repeated by MP1 in agreement and gives insight into 
their now appropriate understanding. They employ their conceptual knowledge on 
categorization accordingly and satisfy the requirements and possibilities set by both, the 
underlying concepts and the material at hand. FP1 and FP4 further develop and elaborate on 
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his point, however not extensively. The facilitator also acknowledges the placement of the 
picture and explicitly tries to secure common ground.  
Turn 191-196: Furthermore, the facilitator now offers a framing by distinguishing the current 
task from a possible future task that takes into account an understanding more similar to that 
of FP2 and FP8 (where things “work”	and “go”, a paraphrase for causeeffect relationships). 
The group jointly arrives at this insight after having gone through a process of stating, 
challenging, testing and finally aligning their understanding under conditions of 
categorization. 
	
Supplementary information 2: Episode during workshop phase 3 where participants develop an understanding of the 
behavior that reinforcing feedback loops give rise to. MF – male facilitator. FF – female facilitator. FP – female 
participant. MP – male participant. PS – participant that could not be identified in the video or audio file. The episode 








































What if… or better still we 
start with the cash! 
Pointing at cash 
Pours water out of cup by 
cash, puts cup back to cash  
At this stage, the participants share 
understanding of some basic conceptions, 
such as causal links, mutual influence 
or impact. There are, however, differing 
approaches and degrees of detail in 
reasoning, indicating a fair amount of 
mismatch in understanding and 
perspectives taken. Furthermore, the 
construction of understanding based on 
the conception of a closed loop seems 
very fragile and cannot be fully 
realized. Instead, the participants 
continue to rely on the conception of 
individual links and their anticipated 
dynamic connection. Hence, reasoning is 
based on participant’s conceptual 
understanding of the components and 
their particular interrelationships. 
FP1’s explanation does not satisfy the 
requirements necessary to reason in 
terms of a closed loop concept, nor does 
she employ reasoning about specific 
links. She develops an explanation that 
incorporates broad knowledge on some 
relationships while embedding her story 
in a personal, yet hypothetical 
situational context (522-525). She 
activates her conceptual understanding 
of the interplay of some general system 
components and combines it with 
conceptions of self, expectation, 
failure and success. 
515 
 




Then it means things are 
disturbed! 





FP1 talks to MF 
 519 MF Ahää! 
 520 
 




can you explain what will 
happen step by step! Can you 
explain this first! There, if 
you disturbed the cash there; 
then what is going to happen? 
Specific gesture (step-by-
step) referring to diagram in 
general  
Pointing at cash 
522 ii_FP1 
If there is any mistake there 
on the cash; I believe if I had 
any expectations to say this 
year this is what I will do 
after production, and then 
unfortunately the cash is 
halved,  
Pointing at cash 
Pointing at cash 
523 
 




So it will mean all the 
programs will be halved. 
Gesturing to unspecific parts 
of the diagram 
525 
 
They can’t succeed if there on 
the cash, it is half. Pointing at cash 











Who has a contribution on the 
fact that, 






if there is a disturbance on 
the cash there! 
Specific gesture 




Then now; what will happen 
there on the implements? Pointing at inputs  
531 ii_MP1 If the money reduces,  
 
After FP1, mainly MP1 together with the 
facilitator create a narrative, which is 
closer tied to the diagram and the 
individual aspects of the system. 
Starting from cash, each connection and 
its dynamic implication are explored. 
Similar to FP1, he activates conceptual 
knowledge on those interconnections, but 
does so in a sequential and specific way 
determined by the diagram. Over the 
course of two argumentative turns, MP1 












You will only get very little 
according to the money you 
have. 
 534 MF Oh! Very little, small! Gesturing towards inputs 
535 ii_MP Ähh! 
 536 MF Okay! 
 
537 ii_MP1 
Yes, because of the reduction 
in monetary terms and so the 
in-puts will be very little. 
 538 MF Ahä!  
 
539 ii_MP1 
Then now we come there on food 
production; Pointing at produced food 
540 
 
so it means the food that will 
be produced there will be very 
little. 
 541 MF Okay! 
 
542 ii_MP1 
Yes, because now the harvest 
will do what? Pointing at produced food 
For another two turns MP1 steps in the 
role of the challenger himself. Together 
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543 MF Reduce! 
 
with the facilitator (taking on the role 
of a group participant), FP2 and FP3 
they explore two more links and their 
dynamic relation until reaching 
available food. Interestingly, even 
before MP1 goes on to question about the 
effect on available food, FP3 takes the 
next step and anticipates the answer 
through gesturing downwards. 
Subsequently, it is also expressed 
verbally, and then the facilitator takes 
over. 
 




Specific gesture (reducing) 
directed at available food  
546 ii_MP1 
So now going there to food 
availability,  Pointing at available food  
547 
 
so it means also the food will 




ii_FP1 Not sufficient! 
Specific gesture (not 
sufficient) relating to 
available food  
549 MF It has reduced! 
 550 ii_MP1 Yes, also there it has reduced. 
 551 MF Yes; now when the food reduces,  Gesturing over available food  
He further challenges MP1 to explore the 
relation with cash through food surplus. 
This leads MP1 to close the loop in the 
narrative and to keep developing it 
further. Consequentially, he creates a 
new insight on loop polarity and the 
downward trend. A new understanding is 
constructed organizing available 
information in line with the principles 






then the surplus for sell now? 
Tracing gesture from 
available food to cash 
553 ii_MP1 
It means there is nothing or 
maybe just very little.  
 554 
 
Since the money will reduce, 
 
555 ii_FP1 mumbling 
Tracing gesture from cash 
over inputs and land to 
produced food 
Gesturing over available food 
Tracing gesture from 
available food to cash 
556 ii_MP1 




Everything goes down. 
 
558 MF 
He's saying that in the long 
run you die because things are 
reducing... 
MF translating to FF 
Tracing gesture around the 
loop 
Specific gesture (reduction 
over time) sequentially along 





So maybe, we do this? 
 
 
560 FF Okay... good afternoon! 
 
 





We have seen at first to say, 
if this increases here, it 
increases there, and then 
everything will be okay. 
Pointing at available food  
Specific gesture (increasing) 
referring to available food  
Specific gesture (increasing) 
referring to cash 












Finally, the facilitator helps the group 
repeat and stabilize this understanding 
by jointly going around the loop again 
and again until full alignment of their 


















563 ii_PS Mhmm 
 
564 MF 
Then the second lesson, we saw 
to say; if you disturb the cash 
there,  
Specific gesture 




which means there? 
Tracing gesture from cash to 
inputs 




Specific gesture (reduction) 
referring to inputs  
568 
 
And also here? 
Tracing gesture from inputs 
to produced food 




Specific gesture (reduction) 
referring to produced food  
Tracing gesture from produced 
to available food 
571 MF 
Then now which means the 
following year? Pointing at cash 
572 ii_MP1 
There will be very little that 
you will have there.  
 573 MF So, even next year? 




Specific gesture (reduction) 
referring to diagram in 
general  
576 MF 
Oh, they will be further 
reduced?! 
Specific gesture (reduction) 
referring to diagram in 
general  
577 ii_PS Yes. 
 578 MF They will go down; oh! 
 579 ii_PS Yes. 
 580 MF Okay! 
  
Notes regarding the development of shared understanding: 
 
Turn 514-525: At this stage, the participants share understanding of some basic conceptions, 
such as causal links, mutual influence or impact. There are, however, differing approaches 
and degrees of detail in reasoning, indicating a fair amount of mismatch in understanding and 
perspectives taken. Furthermore, the construction of understanding based on the conception of 
a closed loop seems very fragile and cannot be fully realized. Instead, the participants 
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continue to rely on the conception of individual links and their anticipated dynamic 
connection. Hence, reasoning is based on	participant’s	conceptual	understanding	of	the	
components	and	their	particular	interrelationships. FP1’s	explanation	does	not	satisfy	the	
requirements	necessary	to	reason	in	terms	of	a	closed loop concept, nor does she employ 
reasoning about specific links. She develops an explanation that incorporates broad 
knowledge on some relationships while embedding her story in a personal, yet hypothetical 
situational context (522- 525). She activates her conceptual understanding of the interplay of 
some general system components and combines it with conceptions of self, expectation, 
failure and success. 
Turn 531-540: After FP1, mainly MP1 together with the facilitator create a narrative, which is 
closer tied to the diagram and the individual aspects of the system. Starting from cash, each 
connection and its dynamic implication are explored. Similar to FP1, he activates conceptual 
knowledge on those interconnections, but does so in a sequential and specific way determined 
by the diagram. Over the course of two argumentative turns, MP1 increasingly gains 
conceptual agency. 
Turn 542-550: For another two turns MP1 steps in the role of the challenger himself. 
Together with the facilitator (taking on the role of a group participant), FP2 and FP3 they 
explore two more links and their dynamic relation until reaching available food. Interestingly, 
even before MP1 goes on to question about the effect on available food, FP3 takes the next 
step and anticipates the answer through gesturing downwards. Subsequently, it is also 
expressed verbally, and then the facilitator takes over.  
Turn 551-557: He further challenges MP1 to explore the relation with cash through food 
surplus. This leads MP1 to close the loop in the narrative and to keep developing it further. 
Consequentially, he creates a new insight on loop polarity and the downward trend. A new 
understanding is constructed organizing available information in line with the principles of a 
feedback loop. 
Turn 562-580: Finally, the facilitator helps the group repeat and stabilize this understanding 
by jointly going around the loop again and again until full alignment of their perspectival 
understanding is realized. 
	
